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SYNTHESIS OF DI- AND TRI-SUBSTITUTED ADENOSINE DERIVATIVES
AND THEIR AFFINITIES AT HUMAN ADENOSINE RECEPTOR SUBTYPES.

R. Volpini, E. Camaioni, S. Costanzi, S. Vittori, K.-N. Klotz,” G. Cristalli.*

Dipartimento di Scienze Chimiche, Universita di Camerino,
1-62032 Camerino (MC), Italy
Institut fiir Pharmakologie und Toxikologie, Universitdt of Wiirzburg, D-97078
Wiirzburg, Germany.

ABSTRACT: The synthesis of 2-(hex-1-ynyl)adenosine derivatives substituted at the
NC- and/or 5'-position was carried out on the basis that 2-(hex-1-ynyl)adenosine-5'-N-
ethyluronamide (HENECA, 2) showed good affinity and different degree of selectivity
for rat adenosine receptors. All new compounds were tested in radioligand binding and
adenylyl cyclase assays with recently cloned human A;, Az, A, and A; adenosine
receptors.

Introduction
Adenosine is known to modulate a number of physiological functions through the

activation of four receptor subtypes denominated: A;, Aza, Asp and As.' Over the last
few years much effort has been directed towards the discovery of potent and selective
adenosine agonists.

Recently, we have reported on the synthesis of a series of 2-alkynyl and 2-aralkynyl
derivatives of 9-(N-ethyl-B-D-ribofuranuronamide)adenine (NECA, 1, Figure 1), which
possess high affinity towards rat A, receptor and good Ajavs Ay selectivity.24

The finding that the 9-(N-ethyl-B-D-ribofuranuronamide)-2-(hex-1-ynyl)adenine
(HENECA, 2, Figure 1)5 and some other 2-alkynyl derivatives of NECA® also showed
good affinity for A; receptor subtype prompted us to investigate the effect of various
substituents at different positions in compound 2. For this purpose, the ethyl substituent
of the carboxamido group in the 5-position of HENECA (2) was replaced with a
cyclopentyl or benzyl group (compounds 6 and 7, Scheme 1).

2511
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1;NECA R=H
2; HENECA R= CmC=(CH;);CH;

FIGURE 1

A cyclopentyl or arylcarbamoyl group was introduced into the 6-amino group of the
adenine moiety (compounds 11, 12, and 13, Table 1) since NECA analogues containing
N6-arylcarbamoyl groups, like N6-[(3-chlorophenyl)carbamoyl] and N6-[(4-methoxy-
phenyl)carbamoyl]adenosine-5'-N-methyluronamides, have shown high affinity towards
rat A, and A; receptor subtypes.7

These synthetic goals were achieved by functionalizing the 5'-position with an ethyl
ester and positions 2 and 6 with an iodine to obtain the versatile intermediate 9 (Scheme
2). Hence, 5'-(ar)alkylcarboxamido nucleosides were obtained by reacting the
corresponding ethyl ester with the appropriate amines, whereas the hex-1-ynyl chain was
introduced at the 2-position by a modification of the palladium catalyzed cross-coupling
reaction. The 6-substituted nucleoside 11 was synthesized by reacting the corresponding
iodo derivative with cyclopentylamine, whereas in the case of ureic compounds 12 and
13 (Table 1) elaboration of the 6-amino group was achieved by reaction with the
corresponding isocyanates.

The synthesis and rat receptor affinity of the trisubstituted adenosine derivatives 12
and 13 were reported elsewhere.® In this paper, the synthesis of the 2,5'-disubstituted (6,
7) and 2,5' Ne-trisubstituted (11) adenosine derivatives is described.

All compounds, indicated by the general formula in Table 1, were tested in
radioligand binding and adenylyl cyclase assays9 to assess their affinities for the recently

cloned human A;, Aza, Azg, and A; adenosine receptors.
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1-hexyne
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Ie) (Ph)3P-PdCh 0O
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HO OH HO OH HO OH
] 4 R=cCsHo 6 R=cCsHyg
S R= CH2C6H5 7R= CH2C6H5

SCHEME 1

Chemistry

The synthesis of the 2-(hex-1-ynyl)adenosine-5'-N-(ar)alkyluronamides 6 and 7 was
accomplished by the reactions described in Scheme 1 using the 2-iodoadenosine-5'-N
ethyluronate (3) as starting material. Compound 3 was prepared from commercially
available guanosine in eight stepsA2 Reaction of 3 with cyclopentylamine or benzylamine,
following the general procedure A described in the experimental section, gave the
corresponding uronamides 4 and S.

Compounds 4 and 5 were in turn reacted with 1-hexyne following a modified
palladium catalyzed cross-coupling reaction,” as described in the general procedure B, to
obtain the N6,5'-disubstituted adenosine derivatives 6 and 7.

The trisubstituted adenosine derivative 11 was synthesized starting from the 2-
iodoadenosine-5'-N-ethyluronamide (2-iodoNECA, 8), obtained by treating 3 with
ethylamine. 2 The 2-iodoNECA (8) was reacted with isopentylnitrite and diiodomethane
to yield the 2,6-diiodo derivative 9, which was substituted at the 6-position with
cyclopentylamine to give 10. Reaction of 10 with 1-hexyne, in the usual way as reported

in the general procedure B, afforded 11 in good yield (Scheme 2).

Biological Results and Discussion
All the compounds were evaluated with the human recombinant adenosine receptors,

stably transfected into Chinese hamster ovary (CHO) cells, utilizing radioligand bindings
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SCHEME 2

(A1, Aza, A3) or adenylyl cyclase activity assays (AZB).g Receptor binding affinity was
determined using [3H]CCPA (2-chloro-N6-cyclopentyladenosine) as radioligand for A,
receptors, whereas [3H]NECA was used for the Az and As subtypes (Ki; nM).9 The
results are shown in Table 1.

The relative potencies of these compounds for the Aop subtype were measured by
evaluating the receptor-stimulated adenylyl cyclase activity expressed as ECsp, nM.

The reference compound HENECA (2) showed high affinity at A;4 and A; receptors
with a 10-fold and 25-fold selectivity versus A, subtype, respectively (Ki A; = 60.0 nM, Ki
Azs = 6.38 nM, and Ki A; = 2.42 nM). The potency for Az receptor is comparable with
that of NECA (2: ECsp Azs = 6,100 nM versus NECA ECso Ags = 2,360 nM).”

Replacement of the ethyl group of the 5'-carboxamide function by a cyclopentyl ring
brought about an eightfold decrease of affinity at all the receptor subtypes (6: Ki A, = 403
nM, Ki Ay, =494 nM, Ki A; = 16.2 nM). When a benzyl group is present in the same
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TABLE 1. Affinities of the adenosine derivatives 2, 6, 7, 11, 12 and 13, in radioligand
binding assays at human A,, A and A3 adenosine receptors, and in cyclase assays at

human A,p adenosine receptor.

N
CH;- (CH2)3-C-C)\

NH-R'

J

(@]
R-HN
HO OH
Ki or ECso (nM)

Cpd R R’ Ki(A)® Ki(Aw)' ECs(An)°’  Ki(Ay)®

2 Et H 60.0 6.38 6,100 2.42
50.4-71.5 3.8-10.6 3,990-9,300 2.04-2.88

6 cCsHg H 403 49.4 >100,000 16.2
204-796 29.1-83.8 11.2-23.5

7 CH,Ph H 1660 720 >100,000 246
1,210-2,28 417-1,240 127-476

11 Et ¢CsHy 73.4 178 >100,000 64.7
38.5-140 85.3-370 48.1-87.0

12 Et 3-Cl-Ph-NH-CO 62.4 >10,000 >100,000 36.4
40.3-96.5 22.8-58.3

13 Et 4-OCHj3-Ph-NH-CO 32.8 >10,000 >100,000 56.7
27.0-39.7 41.3-77.9

a Displacement of specific [3H]JCCPA binding in CHO cells, stably transfected with
human recombinant A] adenosine receptor, expressed as Ki (nM). ® Displacement of
specific [SH]NECA binding in CHO cells, stably transfected with human recombinant
A A adenosine receptor, expressed as Ki (nM). ¢ Measurement of receptor-stimulated
adenylyl cyclase activity in CHO cells, stably transfected with human recombinant A2B
adenosine receptor, expressed as ECs5g (nM). 4 Displacement of specific [SHINECA
binding in CHO cells, stably transfected with human recombinant A3 adenosine receptor,
expressed as Ki (nM).
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position a more pronounced loss in affinity was found, demonstrating that a bulky
substituent is less tolerated at the 5'-position (7: Ki A; = 1,660 nM, Ki A4 = 720 nM, Ki
Az = 246 nM).

The introduction of an additional substituent at the Né-position of HENECA led to
compounds with comparable or even slightly enhanced affinity for the A, receptor (11: Ki
Ay =73.4nM, 12: Ki A; = 62.4 nM and 13: Ki A = 32.8 nM) and decreased affinity for
the A4 and A; receptor subtypes. In particular the presence of an arylcarbamoyl group
caused a dramatic decrease in affinity for the Aya receptors (12 and 13 : Ki A;4 > 10,000
nM). Moreover, all compounds showed no activity at A, receptors in concentration up to
100,000 nM.

Furthermore, compounds 12 and 13, which showed strong discrimination against Aga
subtype and showed comparable affinity for the A; and As receptors (12: Ki A; = 62.4
nM and Ki A; = 36.4 nM; 13: Ki A; = 32.8 nM and Ki A; = 56.7 nM), could be useful

tools for the simultaneous, selective stimulation of both A; and A; subtypes.

Experimental
Melting points were determined with a Biichi apparatus and are uncorrected. 'H

NMR spectra were obtained with Varian VXR 300 MHz spectrometer; & in ppm, J in
Hz. TLC were carried out on pre-coated TLC plates with silica gel 60 F-254 (Merck).
For column chromatography, silica gel 60 (Merck) was used. Elemental analyses were
determined on Carlo Erba model 1106 analyser and are within + 0.4% of theoretical

values.

A: General procedure for the preparation of 9-(/V-(ar)alkyl-B-D-ribofuranu
ronamide)-2-iodoadenine (4 and 5). To 2-iodoadenosine-5'-N-ethyluronate (3)2 (300
mg, 0.69 mmol) of the appropriate amine (10 mL) was added and the mixture was stirred
at rt. for 16 h. The excess amine was removed in vacuo and the residue was
chromatographed on a silica gel column eluting with the suitable mixture of solvents to
give 4 or § as amorphous solids.
9-(N-cyclopentyl-8-D-ribofuranuronamide)-2-iodoadenine (4). The reaction of 3
with cyclopentylamine, followed by chromatography on a silica gel column eluted with

CHCL-MeOH (90:10), gave 4 (264 mg, 81%); 'H NMR (DMSO-ds): & 1.33-1.98 (m,
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8H, H-cyclopentyl), 4.06 (m, 1H, H-1 cyclopentyl), 4.19 (m, 1H, H-3"), 435 (d, 1H, J =
2.4 Hz, H-4'), 4.58 (m, 1H, H-2), 5.93 (d, 1H, J = 6.4 Hz, H-1"), 7.77 (br s, 2H, NHy),
8.08 (d, 1H, J = 7.5 Hz, NH), 8.50 (s, 1H, H-8). Anal. calcd. for C;sH;oINsO; (474.3):
C37.99,H4.04; N 17.72. Found: C 37.84; H3.98; N 17.86.

9-(N-benzyl-B-D-ribofuranuronamide)-2-iodoadenine (5). The reaction of 3 with
benzylamine; followed by chromatography on a silica gel column eluted with CHCls-
MeOH (93:7), gave 5 (198 mg; 58%); 'H NMR (DMSO-dq): 6 4.22 (m, 1H, H-3"), 4.42
(d, 1H, J = 1.5 Hz, H-4'), 4.46 (m, 2H, CHy-benzyl), 4.59 (m, 1H, H-2"), 5.94 (d, 1H, J
= 7.2 Hz, H-1), 7.28 (m, 5H, Ph), 7.81 (br s, 2H, NH,), 8.40 (s, 1H, H-8), 8.74 (m, 1H,
NH). Anal. caled. for C;7H;7IN¢O4 (496.3): C 41.14; H 3.45; N 16.93. Found: C 41.03;
H331;N16.81.

B: General procedure for the preparation of uronamides 6, 7 and 11.

To a solution of the appropriate 2-iodoadenosine-5'-N-(ar)alkyluronamide (4 or 5) or
N6-cyclopentyl-2-iodoadenosine-5'-N-ethyluronamide (10) (0.58 mmol) in dry
acetonitrile (10 mL), dimethylformamide (5 mL), and triethylamine (2.5 mL) under an
atmosphere of N, was added bis(triphenylphosphine)palladium dichloride (8.1 mg, 0.012
mmol) and cuprous iodide (0.58 mg, 0.003 mmol). 1-Hexyne (2.9 mmol) was added to
the mixture, which was stirred at r.t. for 24 h under an atmosphere of N,. The solvent
was removed in vacuo and the residue was chromatographed on a silica gel column
eluting with the suitable mixture of solvents to give 6, 7 or 11 as chromatographically
pure solids.

9-(N-cyclopentyl-f-D-ribofuranuronamide)-2-(hex-1-ynyl)adenine  (6). The
reaction of 4 with 1-hexyne, followed by chromatography on a silica gel column eluted
with CHCl;-MeOH (92:8), gave 6 (120 mg; 48%), mp 118-120 °C; 'H NMR (DMSO-
de): 6092 (t, 3H, J = 7.0 Hz, (CH,):-CH3), 1.32-1.97 (m, 12H, H-cyclopentyl and
(CH),-CHj), 2.42 (t, 2H, J = 6.6 Hz, CH,-C=C), 4.06 (m, 1H, H-1 cyclopentyl), 4.18
(m, 1H, H-3", 433 (d, 1H, J = 2.0 Hz, H-4"), 4.64 (m, 1H, H-2"), 597 (d, 1H, J = 6.5
Hz, H-1"), 7.46 (br s, 2H, NH,), 8.03 (d, 1H, J = 7.5 Hz, NH), 8.57 (s, 1H, H-8). Anal.
calcd. for C2HpsNeQ, (428.5): C 58.86; H 6.59; N 19.61. Found: C 58.73; H 6.47; N
19.73.

9-(N-benzyl-f-D-ribofuranuronamide)-2-(hex-1-ynyl)adenine (7). The reaction of
5 with 1-hexyne, followed by chromatography on a silica gel column eluted with CHCl;-
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MeOH (90:10), gave 7 (96 mg; 38%), mp 139-142 °C; 'H NMR (DMSO-de): 6 0.83 (t,
3H, J = 7.0 Hz, (CH,);-CH5), 1.33 (m, 4H, (CH,),-CH;), 2.18 (t, 2H, J = 6.6 Hz, CH»-
C=C), 4.15 (m, 1H, H-3"), 439 (d, 1H, J = 1.1 Hz, H-4"), 4.52 (m, 2H, CH,-Ph), 4.64
(m, 1H, H-2Y), 5.98 (d, 1H, J = 7.7 Hz, H-1"), 7.28 (m, SH, H-Ph), 7.60 (br s, 2H, NH,),
8.43 (s, 1H, H-8), 9.49 (m, 1H, NH). Anal. calcd. for C33HNsO, (450.5): C 61.32; H
5.82; N 18.65. Found: C 61.20; H 5.69; 18.76.
9-(N-Ethyl-B-D-ribofuranuronamide)-2,6-diiodoadenine (9). To a solution of 8
(250 mg, 0.58 mmol) in dry DMF (10 mL) isopentyl nitrite (0.86 mL, 6.4 mmol) and
ditodomethane (2.82 mL, 35.0 mmol) were added and the mixture was heated at 85 °C
for 2 h. The solvent was removed in vacuo and the residue flash chromatographed on a
silica gel column eluted with CHCL,-MeOH (98:2) to give 9 as a yellow amorphous solid
(142 mg; 45%); "H NMR (DMSO-dq): & 1.04 (t, 3H, J = 7.3 Hz, CH,-CH3), 3.19 (m,
2H, CH,-CH,), 4.28 (m, 1H, H-3"), 4.36 (s, 1H, H-4"), 4.70 (m, 1H, H-2"), 6.03 (d, 1H, J
= 6.4 Hz, H-1", 8.15 (m, 1H, NH), 8.98 (s, 1H, H-8). Anal. calcd. for C12H131:NsO4
(545.1): C 26.44; H2.40; N 12.85. Found: C 26.32; H2.31; N 12.96.
N6-Cyclopentyl-9-(N-ethyl-B-D-ribofuranuronamide)-2-iodoadenine (10). To
compound 9 (120 mg, 0.22 mmol) cyclopentylamine (10 mL) was added and the mixture
was stirred at room temperature for 4 h. The excess amine was evaporated in vacuo and
the residue purified on a silica gel column eluted with CHCl;-MeOH (96:4) to obtain 10
as a white amorphous solid (80 mg; 73%); "H NMR (DMSO-dq): & 1.07 (t, 3H, J = 7.3
Hz, CH,-CH;), 1.48-2.08 (m, 8H, H-cyclopentyl), 3.23 (m, 2H, CH>-CHs), 4.18 (m, 1H,
H-3"), 432 (d, 1H, J = 1.7 Hz, H-4'), 4.44 (m, 1H, H-1 cyclopentyl), 4.60 (m, 1H, H-2"),
5.92 (d, 1H, J = 7.2 Hz, H-1"), 8.16 (m, 1H, NH-CH,), 8.29 (d, 1H, J = 7.7 Hz, NH-
cCsHy), 8.41 (s, 1H, H-8). Anal calcd. for CsHz3INGO4 (502.3): C 40.65; H 4.62; N
16.73. Found: C 40.51; H 4.50; N 16.86.
N6-Cyclopentyl-9-(N-ethyl-B-D-ribofuranuronamide)-z-(hex-l-ynyl)adenine
(11). The reaction of 10 ( 0.58 mmol) with 1-hexyne, followed by chromatography on a
silica gel column eluted with CHCl;-MeOH (95:5), gave 11 as a white solid (205 mg;
78%), mp 180-183 °C; '"H NMR (DMSO-ds): 5 0.93 (t, 3H, J = 7.1 Hz, (CH)s-CH3),
1.08 (t, 3H, J = 7.1 Hz, CH-CH;), 1.35-2.07 (m, 12H, H-cyclopentyl and (CH>),-CHs),
2.44 (t, 2H, J = 6.6 Hz, CH,-C=C), 3.31 (m, 2H, CH,-CH3), 4.12 (m, 1H, H-3"), 431 (s,
1H, H-4'), 4.60 (m, 2H, H-1 cyclopentyl and H-2'), 5.94 (d, 1H, J = 7.7 Hz, H-1'), 8.03
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(d, 1H, J = 7.7 Hz, NH-cCsHy), 8.43 (s, 1H, H-8), 8.76 (m, 1H, NH-CH;). Anal. calcd.
for C23H32Ns04(456.5): C 60.51; H 7.06; N 18.41. Found: C 60.40; H 7.13; N 18.54.
Biological Studies

Cloning of the human adenosine receptors, stable transfection of cells, cell culture,
membrane preparation, radioligand binding, and adenylyl cyclase activity have been fully
described elsewhere.’” Briefly, all human subtypes were stably transfected into Chinese
hamster ovary (CHO) cells in order to be able to study their pharmacological profile in
an identical cellular background utilizing radioligand binding studies (Aj, Az, As) or
adenylyl cyclase activity assays (Azp).

Receptor binding affinity was determined using [3H]CCPA as radioligand at A,
receptors, whereas [3H]NECA was used at A;a and Aj; subtypes. The procedure was
performed as described previously‘10 Due to the lack of a suitable radioligand the relative
potency of agonists at A,z adenosine receptors was determined in adenylyl cyclase
experiments. The procedure was carried out as described previously with minor

. . 9
modifications.
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